Introduction: Robotic-assisted pyelolithotomy (RAPL) has recently immerged as an alternative approach for the management of complex kidney stones. RAPL combines the benefits of minimally invasive surgery with the high stone clearance rates achieved by open lithotomy.
INTRODUCTION
The expansion of the endourologic armamentarium has revolutionized the surgical management of urolithiasis, leading to diminished use of open surgery. 1 According to the European Association of Urology guidelines, however, open lithotomy remains a valid option if a reasonable number of percutaneous approaches are not likely to be successful or if multiple endourologic approaches have unsuccessful results. 2 Robotic-assisted laparoscopic surgery is increasingly replacing open surgery owing to the wide dissemination of robotic technology, as well as favorable patient outcomes in terms of lower postoperative morbidity, shorter hospital stay and time to convalescence, better cosmetic results, and excellent functional results. In this context, robotic-assisted pyelolithotomy (RAPL) has been described as a safe and effective management option for complex stone burden, especially in the presence of anatomic abnormalities, morbid obesity, or skeletal deformities. 3 We report our experience in managing a staghorn calculus by combining RAPL and laser stone fragmentation. To our knowledge, this appears to be the first such reported case, confirming the safety and efficacy of this combined technique.
Case Description
A 57-year-old man with a body mass index of 33 kg/m 2 presented with gross hematuria secondary to a left staghorn calculus. A previous percutaneous nephrolithotomy (PCNL) failed, and the patient was referred to our center for RAPL.
With the patient under general anesthesia, a nasogastric tube and a urethral catheter on free drainage were inserted. The patient was positioned in the lateral decubitus position at 60°with his left side facing up. Using Hasson's technique, the camera port was inserted at the lateral edge of the rectus muscle at the level of the umbilicus, and a pneumoperitoneum was established. Two robotic ports were placed under direct laparoscopic vision (one at the midline 3 cm below the xiphoid process and one at the anterior axillary line 3 cm below the costal margin). Two additional laparoscopic assisting ports were inserted: a 5-mm port between the camera port and the left robotic port at the midline and a 12-mm port above the midline and caudal to the camera port (for insertion of a retrieval bag).
The line of Toldt was incised and the left colon mobilized and reflected medially, thus exposing the ureteropelvic junction (UPJ). The renal pelvis was mobilized on all sides using sharp and blunt dissection. A longitudinal concave incision with the curve facing the UPJ was made on the posterior surface of the renal pelvis. The stone was identified, but despite our multiple efforts, its volume and geometry precluded its extraction in one piece ( Figure 1A ).
To overcome this problem, a 500-m Holmium laser fiber (protected within a 6-Fr ureteric catheter) was inserted through an assistant port to facilitate stone fragmentation in manageable pieces ( Figure 1B) . The surgeon accurately manipulated the laser fiber with the robotic Maryland forceps while having control of the laser foot petal. Intracorporeal lithotripsy was successful, leading to the formation of 2 large stone fragments that were removed using laparoscopic grasping forceps and an endoscopic retrieval bag ( Figure 1C and D) . The renal pelvis was thoroughly inspected for residual stones and copiously irrigated. The absence of residual stone fragments or significant damage to the pelvic mucosa was confirmed. Pyeloplasty was not considered necessary, and watertight closure of the renal pelvis over an antegrade double-J stent was ensured, using 2 half-running 3-0 polyglactin sutures. At the end of the procedure, a drain was inserted through the caudal robotic port, the robot was undocked, and the ports were removed under direct vision. The endoscopic bag containing the stone fragments ( Figure 2 ) was removed from a small extension of the camera port incision, and the port-site wounds were closed. The operative time was 190 minutes (including robot docking) and intraoperative blood loss was minimal.
The patient's postoperative course was uneventful, and he was discharged on the second postoperative day. A kidneyureter-bladder radiograph performed 2 weeks postoperatively confirmed the absence of residual calculi (Figure 3 ).
DISCUSSION
PCNL is the modality of choice for the management of large/staghorn renal calculi, with or without adjuvant extracorporeal shockwave lithotripsy (ESWL). 1 PCNL, however, has some limitations when used for the treatment of complex stone burden, including the need for multiple access tracts, increased morbidity, longer hospital stay, increased rates of residual stone fragments, and the need for additional PCNL sessions or ancillary procedures. 4 Open lithotomy overcomes the limitations of PCNL in terms of stone clearance but remains an invasive procedure and is used only as a last resort. 2 Laparoscopic pyelolithotomy (retroperitoneal or transperitoneal) has been proposed as a minimally invasive alternative to open surgery, with high stone clearance rates (range, 75-100%). [5] [6] [7] According to a retrospective study comparing laparoscopic retroperitoneal pyelolithotomy (n ϭ 16) with PCNL (n ϭ 12), 8 PCNL caused less morbidity and was easier to perform, whereas laparoscopic pyelolithotomy should be reserved for patients who need adjunctive procedures. A similar retrospective study comparing transperitoneal laparoscopic pyelolithotomy and PCNL also showed that the laparoscopic approach is safe but technically challenging and time consuming. 9 Laparoscopic anatrophic nephrolithotomy has also been described as an alternative to open surgery for staghorn calculi. 10 Simforoosh et al reported their experience with 5 complex renal calculi (mean stone size, 53 mm), leading to acceptable stone clearance rates (in 2 cases small residual fragments were managed by extracorporeal shockwave lithotripsy). Laparoscopic anatrophic nephrolithotomy, however, may necessitate a relatively longer warm ischemia time. 10 According to the limited available evidence, laparoscopic surgery for kidney stones is safe and feasible but is also technically challenging and time consuming. 8 -10 To overcome the limitations of conventional laparoscopy, the use of the robotic interface enables minimally invasive stone clearance and precise reconstruction of the pelvicalyceal system. Robotic-assisted extended pyelolithotomy was proposed more than 5 years ago as a safe and effective alternative to PCNL for partial staghorn calculi. 3,11-13 RAPL allows the removal of complex renal stones and the simultaneous reconstruction of UPJ obstruction, 14 even in difficult cases such as an intrarenal pelvis or an ectopic kidney. 15 It avoids renal parenchymal transgression and theoretically minimizes renal function loss, and this can be of importance in the context of solitary kidneys or compromised renal function. The necessary instrumentation and surgical steps for RAPL have been described in the past and are summarized in Tables 1 and 2 . 13 The traditional approach to open pyelolithotomy was retroperitoneal, but for the laparoscopic or robotic procedure, the transperitoneal approach offers extensive working space, establishes a more convenient angle to inspect the calyces for residual stone, and facilitates closure of the pyelotomy. 13 However, attention should be paid to watertight closure of the renal pelvis to avoid urine leakage into the peritoneal cavity. Accurate closure of the renal pelvis can be improved using the advantages of the hand-simulating EndoWrist technology (Intuitive Surgical, Sunnyvale, California) of the robotic equipment. 3 One of the major advantages of pyelolithotomy is removal of the stone without fragmentation, thus minimizing the risk of residual fragments and urosepsis. To remove a large stone through the pyelotomy incision, various manipulations can be used 5 :
1. Dislodging and manipulating the stone into a position with its smallest diameter lying parallel to the pyelotomy 2. Extending the pyelotomy into the intrarenal pelvis or infundibulum in a controlled fashion 3. Holding the stone with the Maryland robotic forceps or with the assistants grasping the forceps and applying gentle traction with rotary movements to gently extract the intrarenal part of the stone under vision, ensuring safe disimpaction from the mucosa If removal of an intact stone is not possible, the need for intracorporeal lithotripsy may arise using one of the available energy sources. Attempting to remove a large stone through a limited pyelotomy should be avoided because it may result in tears or even UPJ avulsion. If a Holmium laser device is not available, pneumatic lithotripsy can be used as an alternative procedure. The pneumatic lithotripter, however, necessitates the use of the rigid nephroscope, which has limited maneuverability and can be associated with a higher risk for mucosal injury and bleeding. The rigid nephroscope is manipulated by the bedside assistant, who must be adequately trained in its use.
In the case described here, we incorporated the use of the Holmium laser to achieve stone fragmentation in 2 large pieces. The 500-m Holmium laser fiber was navigated by the console surgeon, who also controlled the laser foot pedal, thus maximizing surgeon control of the procedure. Additional incisions Step 1: Kidney exposure/colon mobilization
Step 2: Exposure of renal pelvis, retraction, and pyelotomy
Step 3: Stone extraction (Ϯ Holmium laser assistance)
Step 4: Inspection of the pelvicalyceal system (directly with robotic optic and/or flexible nephroscope)
Step 5: Pyelotomy closure (Ϯ pyeloplasty, Ϯ antegrade double-J stent insertion ϩ drain placement)
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toward the calyces were avoided, thus minimizing tissue injury and facilitating the closure of the pyelotomy.
If stone fragments lie in the calyces, flexible nephroscopy to ensure stone clearance is necessary, and the bedside surgeon should be trained in flexible endoscopy and stone-retrieval equipment because simultaneous manipulation of the nephroscope and the robotic arms is usually required. 5 The nephroscope can be inserted through the most cranial robotic port, which allows direct access to the renal pelvis. The robotic arm is de-docked and the nephroscope is inserted through the rubber seal, thus maintaining the pneumoperitoneum. The flexible nephroscope is navigated into the renal pelvis using the caudal robotic instrument, while the robotic camera provides direct vision. The bedside surgeon navigates the flexible nephroscope while providing continuous suction of the irrigation fluid through the 5-mm assistant port. Ensuring a stone-free outcome can be challenging because the presence of the robotic apparatus makes intraoperative fluoroscopy impractical. Laparoscopic ultrasonography probes can be used as an alternative, 15 and the pelvicalyceal system is thoroughly flushed after lithotripsy to wash out any gravel or debris.
RAPL, however, has some limitations and should not be considered as a first-line modality for treating urolithiasis. Patients with complete staghorn calculi or those with an intrarenal pelvis are not considered ideal candidates for the robotic approach. 3, 11 The absence of haptic feedback hinders the option of a precise nephrotomy directly over a trapped calyceal stone. Retrieval of stone fragments can be challenging, because the entire pelvicalyceal system is difficult to visualize directly through a limited pyelotomy, and flexible nephroscopy may be necessary. 3 The availability of the robotic apparatus and adjuvant lithotripsy equipment can be restricted because of their high cost. The limited experience with the technique described herein precludes clear recommendations in regard to its role and anticipated results. This represents an important field for future research, and a prospective study that aims to clarify this issue is currently ongoing in our department.
CONCLUSION
Current endourologic techniques achieve stone clearance for a vast majority of renal stones. In some complex cases, however, the combination of robotically assisted laparoscopy and Holmium laser lithotripsy is safe and effective and may represent a minimally invasive alternative to traditional open lithotomy. As the surgical experience in robotic-assisted reconstruction of the upper tract expands, further studies will explore the role of the robotic interface in the surgical management of difficult renal stone cases.
